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(57) ABSTRACT 

An improved tool and method for enhancing the surface of 
a heat transfer tube are provided. The tool, Which can be 
easily added to existing manufacturing equipment, includes 
cutting bits that may be retracted With a housing. The cutting 
bits include a cutting edge to cut through the surface of a 
tube and a lifting edge to lift the surface of the tube to form 
protrusions. Amethod for enhancing the inner surface of the 
tube includes mounting a tool on a shaft, positioning the tool 
in the tube and causing relative rotation and axial movement 
betWeen the tube and the tool to cut at least partially through 
at least one ridge formed along the surface of the tube to 
form ridge layers and lift the ridge layers to form protru 
s1ons. 
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RETRACTABLE FINNING TOOL AND 
METHOD OF USING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 11/129,119, ?led May 13, 2005, Which claims 
the bene?t of US. Provisional Patent Application Ser. No. 
60/570,858, ?led May 13, 2004 and is a continuation-in-part 
of US. patent application Ser. No. 10/458,398, ?led on Jun. 
10, 2003, and is a continuation-in-part of US. patent appli 
cation Ser. No. 10/972,734, ?led on Oct. 25, 2004, the 
entirety of each of Which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to a tool for forming 

protrusions on the inner surface of a heat transfer tube and 
a method for using the tool. 

2. General Background of the Invention 
This invention relates to heat transfer tubes having an 

enhanced inner surface to facilitate heat transfer from one 
side of the tube to the other. Heat transfer tubes are com 
monly used in equipment, such as, for example, ?ooded 
evaporators, falling ?lm evaporators, spray evaporators, 
absorption chillers, condensers, direct expansion coolers, 
and single phase coolers and heaters, used in the refrigera 
tion, chemical, petrochemical, and food-processing indus 
tries. A variety of heat transfer mediums may be used in 
these applications, including, but not limited to, pure Water, 
a Water glycol mixture, any type of refrigerant (such as R-22, 
R-134a, R-123, etc.), ammonia, petrochemical ?uids, and 
other mixtures. 
An ideal heat transfer tube Would alloW heat to ?oW 

completely uninhibited from the interior of the tube to the 
exterior of the tube and vice versa. HoWever, such free ?oW 
of heat across the tube is generally thwarted by the resistance 
to heat transfer. The overall resistance of the tube to heat 
transfer is calculated by adding the individual resistances 
from the outside to the inside of the tube or vice versa. To 
improve the heat transfer e?iciency of the tube, tube manu 
facturers have sought to uncover Ways to reduce the overall 
resistance of the tube. One such Way is to enhance the outer 
surface of the tube, such as by forming ?ns on the outer 
surface. As a result of recent advances in enhancing the outer 
tube surface (see, e.g., US. Pat. Nos. 5,697,430 and 5,996, 
686), only a small part of the overall tube resistance is 
attributable to the outside of the tube. For example, a typical 
evaporator tube used in a ?ooded chiller With an enhanced 
outer surface but smooth inner surface typically has a 10:1 
inner resistancezouter resistance ratio. Ideally, one Wants to 
obtain an inside to outside resistance ratio of 1:1. It becomes 
all the more important, therefore, to develop enhancements 
to the inner surface of the tube that Will signi?cantly reduce 
the tube side resistance and improve overall heat transfer 
performance of the tube. 

It is knoWn to provide heat transfer tubes With alternating 
grooves and ridges on their inner surfaces. The grooves and 
ridges cooperate to enhance turbulence of ?uid heat transfer 
mediums, such as Water, delivered Within the tube. This 
turbulence increases the ?uid mixing close to the inner tube 
surface to reduce or virtually eliminate the boundary layer 
build-up of the ?uid medium close to the inner surface of the 
tube. The boundary layer thermal resistance signi?cantly 
detracts from heat transfer performance by increasing the 
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2 
heat transfer resistance of the tube. The grooves and ridges 
also provide extra surface area for additional heat exchange. 
This basic premise is taught in US. Pat. No. 3,847,212 to 
Withers, Jr. et al. 

The pattern, shapes and siZes of the grooves and ridges on 
the inner tube surface may be changed to further increase 
heat exchange performance. To that end, tube manufacturers 
have gone to great expense to experiment With alternative 
designs, including those disclosed in US. Pat. No. 5,791, 
405 to Takima et al., US. Pat. Nos. 5,332,034 and 5,458,191 
to Chiang et al, and US. Pat. No. 5,975,196 to Ga?faney et 
al. 

In general, hoWever, enhancing the inner surface of the 
tube has proven much more di?icult than the outer surface. 
Moreover, the majority of enhancements on both the outer 
and inner surface of tubes are formed by molding and 
shaping the surfaces. Enhancements have been formed, 
hoWever, by cutting the tube surfaces. 

Japanese Patent Application 09108759 discloses a tool for 
centering blades that cut a continuous spiral groove directly 
on the inner surface of a tube. Similarly, Japanese Patent 
Application 10281676 discloses a tube expanding plug 
equipped With cutting tools that cut a continuous spiral slot 
and upstanding ?n on the inner surface of a tube. US. Pat. 
No. 3,753,364 discloses forming a continuous groove along 
the inner surface of a tube using a cutting tool that cuts into 
the inner tube surface and folds the material upWardly to 
form the continuous groove. 

Manufacturing heat transfer tubes using knoWn cutting 
tools can be a delicate and often expensive endeavor. Gen 
erally, these tools incorporate cutting bits that are alWays 
exposed. Thus, as the tool enters the tube, it easily can be 
damaged. Additionally, knoWn tools can also be damaged 
When ?nning is stopped, then restarted. These tools often get 
stuck in the groove created betWeen the ?nned section and 
the smooth section of the tube. 

While the tools described above aim to form the desired 
surface on a heat transfer tube, there remains a need in the 
industry to continue to improve upon knoWn tools by 
modifying existing and creating neW tools that enhance heat 
transfer performance. As described beloW, Applicants have 
developed neW tools for forming surfaces on heat transfer 
tubes Which have signi?cantly improved heat transfer per 
formance. 

BRIEF SUMMARY OF THE INVENTION 

This invention provides an improved tool and method for 
enhancing the heat transfer performance of tubes used in at 
least all of the above-referenced applications (i.e., ?ooded 
evaporators, falling ?lm evaporators, spray evaporators, 
absorption chillers, condensers, direct expansion coolers and 
single phase coolers and heaters, used in the refrigeration, 
chemical, petrochemical and food-processing industries). 
The inner surface of the tube is enhanced With a plurality of 
protrusions that signi?cantly reduce tube-side resistance and 
improve overall heat transfer performance. Formation of 
protrusions in accordance With this invention can result in 
the formation of up to ?ve times more surface area along the 
inner surface of the tube than With simple ridges. 

Certain embodiments of the invention include using a 
tool, Which can be easily added to existing manufacturing 
equipment, having a cutting edge to cut through the surface 
of the tube and a lifting edge to lift the surface of the tube 
to form protrusions. In this Way, protrusions are formed 
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Without removal of metal from the inner surface of the tube, 
thereby eliminating debris that can damage the equipment in 
Which the tubes are used. 

Other embodiments of the invention include a tool for 
cutting the inner surface of a tube. The tool includes a tool 
axis and at least one tip formed by the intersection of at least 
a ?rst plane, a second plane and a third plane, and has a 
cutting edge and a lifting edge. The tool also includes a 
housing, a spacer and a spring. The spacer applies pressure 
to a surface of the at least one cutting bit adjacent to the tip 
and causes the at least one cutting bit to protrude from the 
housing When frictional or axial forces are exerted on the 
spacer. The spring is adjacent to a base end of the cutting bit. 
The spring extends When the forces relax and alloWs the at 
least one cutting bit to retract Within the housing. 

Other embodiments of the invention include a tool for 
cutting the inner surface of a tube. The tool includes at least 
one cutting bit With a tool axis and at least one tip formed 
by the intersection of at least a ?rst plane, a second plane and 
third plane, and has a cutting edge and a lifting edge. 

Other embodiments include a method of enhancing the 
inner surface of a tube. The method includes mounting a tool 
onto a shaft, positioning the tool in the tube and causing 
relative rotation and relative axial movement betWeen the 
tube and the tool to cut at least partially through at least one 
ridge formed along the surface of the tube to form ridge 
layers and subsequently lifting the ridge layers to form 
protrusions. The tool preferably includes a tool axis and at 
least one cutting bit formed by the intersection of at least a 
?rst plane, a second plane, and a third plane and has a cutting 
edge and a lifting edge. The tool also includes a housing, a 
spacer and a spring. The spacer applies pressure to a surface 
of the at least one cutting bit adjacent to the tip and causes 
the at least one cutting bit to protrude from the housing When 
frictional or axial forces are exerted on the spacer. The 
spring is adjacent to a base end of the cutting bit. The spring 
extends When the forces relax and alloWs the at least one 
cutting bit to retract Within the housing. 

In a particular embodiment, the cutting edge is formed by 
the intersection of the ?rst and second planes. In another 
embodiment, the lifting edge is formed by the intersection of 
the ?rst and third planes. 

In yet another embodiment, the second plane is oriented 
at an angle relative to a plane perpendicular to the tool axis. 
In a particular embodiment, the second plane is oriented at 
an angle betWeen approximately 400 and 70° relative to the 
plane perpendicular to the tool axis. In a more particular 
embodiment, the second plane is oriented at an angle such 
that the cutting edge slices through ridges on a tube surface 
at an angle betWeen approximately 200 and 50° relative to 
the plane perpendicular to the tool axis. 

In yet another embodiment, the third plane is oriented at 
an angle relative to a plane perpendicular to the tool axis. In 
a particular embodiment, the third plane is oriented at an 
angle betWeen approximately —450 and 45° relative to the 
plane perpendicular to the tool axis. 

In a further embodiment, the cutting edge slices through 
ridges on an inner surface of the tube at angle between 200 
and 50° to create a plurality of protrusions. In a particular 
embodiment, the lifting edge lifts the plurality of protrusions 
at an angle of inclination relative to a plane perpendicular to 
a longitudinal axis of the tube. In a more particular embodi 
ment, the lifting edge lifts the protrusions at approximately 
—450 and 450 relative to the plane perpendicular to the tool 
axis. 

In a particular embodiment, the tube moves rotationally 
and axially relative to the tool When the tool is used to cut 
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4 
the inner surface of the tube. In a more particular embodi 
ment, the relative rotation and relative axial movement 
betWeen the tube and the tool causes the at least one cutting 
bit to protrude outWardly from the housing. In yet another 
embodiment, stopping the relative rotation and relative axial 
movement betWeen the tube and the tool causes the at least 
one cutting bit to retract inWardly into the housing. 

In another embodiment, the cutting edge slices through 
ridges on an inner surface of the tube at angle between 200 
and 50° to create a plurality of protrusions. In a particular 
embodiment, the lifting edge lifts the protrusions at an angle 
of inclination relative to the plane perpendicular to the 
longitudinal axis of the tube. In a more particular embodi 
ment, the lifting edge lifts the protrusions at an angle 
betWeen approximately —450 and 450 relative to the plane 
perpendicular to the longitudinal axis of the tube. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a perspective vieW of tool according to an 
embodiment of the invention. 

FIG. 2 is a side vieW of the tool of FIG. 1. 
FIG. 3 is a side sectional vieW of tool according to an 

embodiment of the invention. 
FIG. 4A is a side elevation vieW of a cutting bit to be used 

With a tool according to an embodiment of the invention. 
FIG. 4B is a bottom plan vieW of the cutting bit of FIG. 

4A. 
FIG. 4C is a perspective vieW of the cutting bit of 4A. 
FIG. 5 is a side elevation vieW of manufacturing equip 

ment incorporating an embodiment of the tool of this 
invention. 

FIG. 6 is a perspective vieW of the equipment of FIG. 6. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In order to increase the surface area of the inner diameter 
of a heat transfer tube, a pattern may be formed on the inner 
surface of the tube. Protrusions are commonly used for this 
purpose. One method of forming protrusions involves ?rst 
forming ridges on the inner surface. The ridges are then cut 
to create ridge layers, Which are subsequently lifted up to 
form protrusions. This cutting and lifting may be accom 
plished using tool 10. 
As shoWn in FIGS. 1 and 2, tool 10 includes housing 12 

and at least one cutting bit 28. The cutting bits 28 are 
retractable Within the housing 12. Tool 10 preferably incor 
porates shaft 14, Which may be connected to a rod (not 
shoWn). 

In one embodiment of the invention, the tool 10 includes 
multiple cutting bits 28. In the example shoWn in FIG. 1, the 
tool 10 includes at least four cutting bits 28, although only 
tWo are visible. As shoWn in FIG. 3, cutting bits 28 are held 
in place in part by ring 20. Ring 20 also holds the cutting bit 
close to the sliding plane 36 of the shaft 14. The tool 10 
further includes a spring 24 for retracting the cutting bit(s) 
28. The spring 24 may be a ?at, disc or coil spring. As one 
With skill in the art Will understand, any material that can be 
compressed and expanded, such as rubber may be used in 
place of spring 24. Spring 24 is preferably separated from 
the cutting bits 28 by a Washer 22, Which alloWs the spring 
24 to exert pressure evenly on the cutting bits 28 Without 
sliding over the cutting bits 28. Spacer 18 may be used to 
prevent pressure from coil spring 24 from damaging housing 
12. Spacer 18 may be angled or slanted along the surface in 
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contact With cutting bit 28. This feature assists in keeping 
cutting bit 28 in place and holds cutting bit 28 in close 
proximity to the sliding plane 36 of the shaft 14. ScreW 16 
may be used to secure tool 10 onto shaft 14. 

ScreW 16 is used to manipulate the maximum diameter 
the cutting bits 28 protrude from housing 12. In some 
embodiments, screW 16 is a ?nely threaded screW. ScreW 16 
may serve as a Way to adjust the maximum cutting bit 
diameter While the bits are fully extended. Angled spacers 18 
may be placed betWeen screW 16 and cutting bit 28 so that 
screW 16 exerts pressure, but does not damage cutting bits 
28. 

Housing 12 protects cutting bits 28 When tool 10 is not in 
use. Additionally, housing 12 Works With ring 20, spacer 18 
and screW 16 to hold bits 28 in place. In some embodiments, 
housing 12 is comprised of tWo separate parts 56, 58. This 
alloWs easy accessibility to the individual tool components. 
It also alloWs different cutting bits 28 to be used in one tool 
10. For example, cutting bit 28 With tips With a particular 
pro?le can be used for a period of time, then cutting bit 28 
With tips for a different pro?le can be used in the same tool 
10. When a tWo part housing 12 is used, cutting bit 28 can 
easily be replaced if it becomes Worn or broken. 

During manufacture of a heat transfer tube 62, tool 10 
may be used to cut through ridges and lift the resulting ridge 
layers to form protrusions. Tool 10 includes cutting bits 28 
that are retractable Within housing 12. Cutting bits 28 can be 
made from any material having the structural integrity to 
Withstand metal cutting (e.g. steel, carbide, ceramic, etc.), 
but are preferably made of a carbide. 
An embodiment of a cutting bit 28 that may be used With 

tool 10 is shoWn in FIGS. 4A-C. The cutting bit 28 shoWn 
in FIGS. 4A-C generally has an axis q, tWo base Walls 40, 
42 and one or more side Walls 44. Tip 30 is formed on side 
Walls 44 of cutting bit 28. Note, hoWever, that the tip 30 can 
be mounted or formed on any structure that can support the 
tip 30 in the desired orientation relative to the tube and such 
structure is not limited to that disclosed in FIGS. 4A-C. 
One skilled in the art Will understand that the geometry of 

each tip 30 need not be the same for tips 30 on a single 
cutting bit 28. Rather, tips 30 having different geometries to 
form protrusions having different shapes, orientations, and 
other geometries may be provided on cutting bit 28. More 
over, any number of cutting bits 28 may be used With tool 
10 depending on the desired pitch PM of protrusions. 

Each tip 30 of cutting bit 28 is formed by the intersection 
of planes A, B, and C. The intersection of planes A and B 
form cutting edge 32 that cuts through ridges to form ridge 
layers. Plane B is oriented at an angle 4) relative to a plane 
perpendicular to the tool axis q (see FIG. 4A). Angle q) is 
de?ned as 90'-6. Thus, angle 4) is preferably betWeen 
approximately 40°-70o to alloW cutting edge to slice through 
ridges at the desirable angle 6 betWeen approximately 20° 
50°. 
The intersection of planes A and C form lifting edge 34 

that lifts ridge layers upWardly to form protrusions. Angle 
61, de?ned by plane C and a plane perpendicular to tool axis 
q, determines the angle of inclination u) (the angle betWeen 
a plane perpendicular to the longitudinal axis s of tube and 
the longitudinal axis of protrusions at Which protrusions are 
lifted by lifting edge 34. Angle (pfangle u), and thus angle 
61 on cutting bit 28 can be adjusted to directly impact the 
angle of inclination u) of protrusions. The angle of inclina 
tion 00 (and angle (1)1) is preferably the absolute value of any 
angle betWeen approximately —450 to 45° relative to the 
plane perpendicular to the longitudinal axis s of tube 62. In 
this Way, protrusions can be aligned With the plane perpen 
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6 
dicular to the longitudinal axis s of tube or incline to the left 
and right relative to the plane perpendicular to the longitu 
dinal axis s of tube. Moreover, the tips 30 can be formed to 
have different geometries (i.e., angle (1)1 may be different on 
different tips 30), and thus the protrusions Within tube may 
incline at different angles (or not at all) and in different 
directions relative to the plane perpendicular to the longi 
tudinal axis s of tube. 

While preferred ranges of values for the physical dimen 
sions of protrusions have been identi?ed, one skilled in the 
art Will recogniZe that the physical dimensions of cutting bit 
28 may be modi?ed to impact the physical dimensions of 
resulting protrusions. For example, the depth t that cutting 
edge 32 cuts into ridges and angle 4) affect the height ep of 
protrusions. Therefore, the height ep of protrusions may be 
adjusted using the expression: 

ePIZ/Sin (90-4)) 

or, given that q>:90-e, 

ePIZ/Sin (6) 
Where: 
t is the cutting depth; 
4) is the angle betWeen plane B and a plane perpendicular 

to tool axis q; and 
6 is the angle at Which the ridge layers are cut relative to 

the longitudinal axis s of the tube. 

Thickness SP of protrusions depends on pitch PM of pro 
trusions and angle 4). Therefore, thickness SP can be adjusted 
using the expression: 

SPIPQkD-Sin (90-4)) 

or, given that q>:90-e, 

SPIPQkD-Sin (6) 
Where: 
P”, is the axial pitch of protrusions; 
q) is the angle betWeen plane B and a plane perpendicular 

to tool axis q; and 
6 is the angle at Which the ridge layers are cut relative to 

the longitudinal axis s of the tube. 
FIGS. 5 and 6 illustrate one possible manufacturing set-up 

for enhancing the surfaces of tube 62. These ?gures are in no 
Way intended to limit the process by Which tubes in accor 
dance With this invention are manufactured, but rather any 
tube manufacturing process using any suitable equipment or 
con?guration of equipment may be used. The tubes 62 may 
be made from a variety of materials possessing suitable 
physical properties including structural integrity, malleabil 
ity, and plasticity, such as, for example, copper and copper 
alloys, aluminum and aluminum alloys, brass, titanium, 
steel, and stainless steel. FIGS. 5 and 6 illustrate three arbors 
60 operating on tube 62 to enhance the outer surface of tube 
62. Note that one of the arbors has been omitted from FIG. 
5. Each arbor 60 includes a tool set-up having ?nning disks 
64 Which radially extrude from one to multiple start outside 
?ns having axial pitch Pap. The tool set-up may include 
additional disks, such as notching or ?attening disks, to 
further enhance the outer surface of tube. Moreover, While 
the embodiment shoWn includes only three arbors 60, feWer 
or more arbors 60 may be used depending on the desired 
outer surface enhancements. Note, hoWever, that depending 
on the tube application, enhancements need not be provided 
on the outer surface of tube 62 at all. 

In one example of a Way to enhance inner surface of tube 
62, a mandrel shaft 14 onto Which mandrel 66 is rotatably 
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mounted extends into tube 62. Tool 10 also is mounted onto 
shaft 14. Bolt or retaining screW 52 secures tool 10 in place. 
Tool 10 is preferably locked in rotation With shaft 14 by any 
suitable means. 

In operation, tube 62 generally rotates as it moves through 
the manufacturing process. Tube Wall 68 moves betWeen 
mandrel 66 and ?nning disks 64, Which exert pressure on 
tube Wall 68. Under pressure, the metal of tube Wall 68 ?oWs 
into the grooves betWeen the ?nning disks 64 to form ?ns on 
the exterior surface of tube 62. 

Tool 10 uses the frictional forces of ?nning to advance 
cutting bits 28 from Within housing 12. When arbors 60 are 
used, pressure is exerted against tube Walls 68. The friction 
created by the pressure and the movement of the tube 62 in 
relation to the tool 10 creates an axial force on spacer 18, 
Which advances cutting bits 28 radially and compresses 
spring 24. When the forces relax, i.e., When the machine 
stops, spring 24 extends and cutting bits 28 are retracted into 
housing 12. 

The mirror image of a desired inner surface pattern is 
provided on mandrel 66 so that mandrel 66 Will form inner 
surface of tube 62 With the desired pattern as tube 62 
engages mandrel 66. A desirable inner surface pattern 
includes ridges. After formation of ridges on inner surface of 
tube 62, tube 62 encounters tool 10 positioned adjacent and 
doWnstream mandrel 66. As explained previously, the cut 
ting edge(s) 32 of cutting bit 28 of tool 10 cuts through 
ridges to form ridge layers. Lifting edge(s) 34 of cutting bit 
28 of tool 10 then lift ridge layers to form protrusions. 
When protrusions are formed simultaneously With outside 

?nning and tool 10 is ?xed (i.e., not rotating or moving 
axially), tube 62 automatically rotates and has an axial 
movement. In this instance, the axial pitch of protrusions 
PW is governed by the following formula: 

Where: 
PM is the axial pitch of outside ?ns; 
Z0 is the number of ?n starts on the outer diameter of tube; 

and 
L is the number of tips on tool. 
To obtain a speci?c protrusion axial pitch PM, tool 10 can 

also be rotated. Both tube 62 and tool 10 can rotate in the 
same direction or, alternatively, both tube 62 and tool 10 can 
rotate, but in opposite directions. To obtain a predetermined 
axial protrusion pitch Pa, , the necessary rotation (in revo 
lutions per minute (RPM)7) of the tool 10 can be calculated 
using the folloWing formula: 

Where: 
RPMmbe is the frequency of rotation of tube; 
PM is the axial pitch of outer ?ns; 
Z0 is the number of ?n starts on the outer diameter of tube; 
PM is the desirable axial pitch of protrusions; and 
L is the number of tips on tool. 
If the result of this calculation is negative, then tool 10 

should rotate in the same direction of tube 62 to obtain the 
desired pitch PM. Alternatively, if the result of this calcu 
lation is positive, then tool 10 should rotate in the opposite 
direction of tube 62 to obtain the desired pitch PM. 
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Note that While formation of protrusions is shoWn in the 

same operation as formation of ridges, protrusions may be 
produced in a separate operation from ?nning using a tube 
With pre-formed inner ridges. This Would generally require 
an assembly to rotate tool 10 or tube 62 and to move tool 10 
or tube 62 along the tube axis. Moreover, a support is 
preferably provided to center tool 10 relative to the inner 
tube surface. 

In this case, the axial pitch P”, of protrusions is governed 
by the folloWing formula: 

Where: 
Xa is the relative axial speed betWeen tube 62 and tool 10 

(distance/time); 
RMP is the relative frequency of rotation betWeen tool 10 

and tube 62; 
PM is the desirable axial pitch of protrusions; and 
L is the number of tips 30 on tool 10. 
This formula is suitable When (1) the tube 62 moves only 

axially (i.e., does not rotate) and the tool 10 only rotates (i.e., 
does not move axially); (2) the tube 62 only rotates and the 
tool 10 moves only axially; (3) the tool 10 rotates and moves 
axially but the tube 62 is both rotationally and axially ?xed; 
(4) the tube 62 rotates and moves axially but the tool 10 is 
both rotationally and axially ?xed; and (5) any combination 
of the above. 

While a manufacturing ring setup including arbors has 
been shoWn, one With skill in the art Will understand that tool 
10 may also be used in a manufacturing set up Without 
arbors. For example, tool 10 may incorporate cutting bits 28 
that are manually exposed during ?nning. 
The foregoing description is provided for describing 

various embodiments and structures relating to thc inven 
tion. Various modi?cations, additions and deletions may be 
made to these embodiments and/ or structures Without 
departing from the scope and spirit of the invention. 
What is claimed is: 
1. Atool for cutting the inner surface of a tube comprising: 
a. at least one cutting bit comprising: 

(i) a tool axis; 
(ii) at least one tip formed by the intersection of at least 

a ?rst plane, a second plane and a third plane; 
(iii) a cutting edge; and 
(iv) a lifting edge; 

b. a housing adapted to house at least a part of the at least 
one cutting bit; 

c. a spacer positioned at least partially Within the housing, 
Wherein the spacer is adapted to apply pressure to a ?rst 
surface of the at least one cutting bit to cause at least a 
portion of the at least one tip of the at least one cutting 
bit to protrude from the housing When forces are 
exerted on the spacer; and 

d. a spring positioned at least partially Within the housing, 
Wherein the spring is adapted to expand When the 
forces relax to exert an expansion force on a second 
surface of the at least one cutting bit to alloW retraction 
Within the housing of the at least a portion of the at least 
one tip. 

2. The tool of claim 1, Wherein the cutting edge is formed 
by the intersection of the ?rst and second planes. 

3. The tool of claim 1, Wherein the lifting edge is formed 
by the intersection of the ?rst and third planes. 

4. The tool of claim 1, Wherein the second plane is 
oriented at an angle betWeen approximately 400 to 70° 
relative to the plane perpendicular to the tool axis. 

5. The tool of claim 4, Wherein the second plane is 
oriented at an angle such that the cutting edge is adapted to 
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slice through ridges on a tube surface at an angle between 
approximately 200 to 50° relative to the plane perpendicular 
to the tool axis. 

6. The tool of claim 1, Wherein the third plane is oriented 
at an angle betWeen approximately —450 and 45° relative to 
the plane perpendicular to the tool axis. 

7. The tool of claim 1, Wherein the cutting edge is adapted 
to slice through ridges on an inner surface of the tube at an 
angle between 200 and 50° to create a plurality of protru 
sions. 

8. The tool of claim 7, Wherein the lifting edge is adapted 
to lift the protrusions at approximately —450 and 450 relative 
to the plane perpendicular to the tool axis. 

9. The tool of claim 1, Wherein the tube is adapted to move 
rotationally and axially relative to the tool When the tool is 
used to cut the inner surface of the tube. 

10. The tool of claim 9, Wherein the relative rotation and 
relative axial movement betWeen the tube and the tool 
causes the at least a portion of the at least one tip to protrude 
from the housing. 

11. The tool of claim 10, Wherein stopping the relative 
rotation and relative axial movement betWeen the tube and 
the tool causes the at least a portion of the at least one tip to 
retract into the housing. 

12. The tool of claim 1, Wherein the cutting edge is 
adapted to slice through ridges on an inner surface of the 
tube at angle between 200 and 50° to create a plurality of 
protrusions. 

13. The tool of claim 12, Wherein the lifting edge is 
adapted to lift the protrusions at an angle betWeen approxi 
mately —450 and 450 relative to the plane perpendicular to 
the longitudinal axis of the tube. 

14. A method of enhancing the inner surface of a tube, 
comprising: 

a. mounting a tool onto a shaft, the tool comprising 
(i) at least one cutting bit comprising: 

a tool axis; 
at least one tip formed by the intersection of at least 

a ?rst plane, a second plane and a third plane; 
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a cutting edge; and 
a lifting edge; 

(ii) a housing adapted to house at least a part of the at 
least one cutting bit; 

(iii) a spacer positioned at least partially Within the 
housing, Wherein the spacer is adapted to apply 
pressure to a ?rst surface of the at least one cutting 
bit to cause at least a portion of the at least one tip 
of the at least one cutting bit to protrude from the 
housing When forces are exerted on the spacer; and 

(iv) a spring positioned at least partially Within the 
housing, Wherein the spring is adapted to expand 
When the forces relax to exert an expansion force on 
a second surface of the at least one cutting bit to 
alloW retraction Within the housing of the at least a 
portion of the at least one tip; 

b. positioning the tool in the tube; 
c. causing relative rotation and relative axial movement 

betWeen the tube and the tool; 
d. cutting at least partially through at least one ridge 

formed along the inner surface of the tube to form ridge 
layers; and 

e. lifting the ridge layers to form protrusions. 
15. The method of claim 14, Wherein the relative rotation 

and relative axial movement betWeen the tube and the tool 
causes the at least a portion of the at least one tip to protrude 
from the housing. 

16. The method of claim 15, Wherein stopping the relative 
rotation and relative axial movement betWeen the tube and 
the tool causes the at least a portion of the at least one tip to 
retract into the housing. 

17. The method of claim 14, Wherein the cutting edge is 
formed by the intersection of the ?rst and second planes. 

18. The method of claim 14, Wherein the lifting edge is 
formed by the intersection of the ?rst and third planes. 


